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(54) MANUFACTURE OF POLARIZED ELECTRODE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To lessen the added amount of water to a granulated powder mixture and to 
inhibit the generation of warpage of the mixture or the generation of distortion of the mixture subsequent 
to a heat treatment of the mixture by a method wherein with an extrusion molding performed in a molding 
process, granulated powder, which is led not only from a mixing process but from a granulating process, is 
used in the extrusion molding. 

SOLUTION: Activated carbon powder is mixed with a thermosetting resin and a solvent and the powder, 
the resin and the solvent are kneaded with each other. The amount of the solvent to be added at this time 
is set in 100 parts weight or lighter of solvent to 100 parts weight of the total amount of activated carbon 
powder and thermosetting resin. After this kneading ends, the mixture is subjected to a drying treatment 
to remove the solvent and is ground to granulate into powder of a particle diameter of a prescribed size. 
That is, by grinding the mixture by a ball mill or the like, the granulated powder is granulated into powder of 
a mean particle diameter of 420^im or shorter. Then, for performing an extrusion molding on the granulated 
powder, a coupler is added to the powder and is mixed with the powder. Then, this granulated powder 
mixture is mixed with water and is subjected to extrusion molding. After the extrusion molding, the mixture 
is heat-treated in an atmosphere of inert gas, such as vacuum, Ar gas or N2 gas, and the thermosetting 
resin is carbonized to obtain an activated carbon polarized electrode. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the polarizable electrode which is the manufacture approach of a 
polarizable electrode including the mixed process which mixes activated carbon powder and thermosetting 
resin, the granulation process which corns in predetermined magnitude after that, the forming cycle which 
acquires the Plastic solid of a predetermined configuration from granulation powder, and the heat treatment 
process which heat-treats a Plastic solid in a non-oxidizing atmosphere, and obtains an activated carbon 
electrode, and is characterized by performing a forming cycle by extrusion molding. 

[Claim 2] A mixed process is the manufacture approach of the polarizable electrode of claim 1 which includes 
the kneading process which adds a solvent, and a subsequent desiccation process in activated carbon powder 
and thermosetting resin. 

[Claim 3] Activated carbon powder is the manufacture approach of the polarizable electrode of claims 1 or 2 
which specific surface area makes the thing of the range of 500-3000m2 / g. 

[Claim 4] Activated carbon powder is the manufacturing method of the polarizable electrode of claim 1 whose 
mean particle diameter is 50 micrometers or less thru/or either of 3. 

[Claim 5] Thermosetting resin is the manufacturing method of the polarizable electrode of claim 1 added so that 
the actual carbon ratio after heat-treating in a heat treatment process may become 5 % of the weight or more 
thru/or either of 4. 

[Claim 6] A solvent is the manufacturing method of the polarizable electrode of claim 2 which is at least one 
sort in water or an organic solvent. 

[Claim 7] Claim 1 which corns in mean particle diameter of 420 micrometers or less at a granulation process 
thru/or the manufacturing method of one polarizable electrode of 6. 

[Claim 8] The electric double layer capacitor characterized by arranging the activated carbon polarizable 
electrode manufactured by the approach of claim 1 thru/or either of 7. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of a polarizable electrode. This 
invention relates to the new manufacture approach of an activated carbon polarizable electrode useful to a cell 
electrode, an electric double layer capacitor, etc., and the electric double layer capacitor using this in more 
detail. 
[0002] 

[Description of the Prior Art] Conventionally, the polarizable electrode from the activated carbon used for a 
cell, and an electroluminescence display and an electric double layer capacitor attracts attention. For example, 
the powder of activated carbon or the mixture of that fiber and phenol resin is heated, a polarizable electrode is 
manufactured, and even if using this thing for an electric double layer capacitor is proposed, it is required 
(JP,63-226019,A). 

[0003] This electric double layer capacitor is widely used as components for memory backup, and it uses that 
the charge layer (electric double layer) of the couple from which a sign differs, respectively arises for the 
interface of the conductor and electrolytic solution which constitute an electrode, and has the description that 
life degradation accompanying charge and discharge cannot arise. Therefore, for example, an electric double 
layer capacitor is connected to the power source and juxtaposition which changed the cell or the commercial 
alternating current power source into the direct current, and it is used in the form where backup of various 
components is carried out with the charge accumulated in the electric double layer capacitor at the time of the 
hits of a power source. 

[0004] As an electrode of such an electric double layer capacitor, activated carbon powder, activated carbon 
fiber, etc. were used as above-mentioned. Since the electrostatic capacity of an electric double layer capacitor 
was determined by the amount of charges stored in an electric double layer and it obtained such big electrostatic 
capacity that the surface area of an electrode is large, the reason's suited to the activated carbon which has high 
conductivity and specific surface area being suitable as an electrode material. However, generally, powder or 
since it was fibrous, activated carbon had secured the electric contact between powder or fiber by containing to 
metal casing etc. and pressurizing it, when using as an electrode. Therefore, since it was necessary to make 
welding pressure high in order to make electric contact of the activated carbon much more reliable, while 
making [ many ] the amount of activated carbon and enlarging surface area, in order to obtain big electrostatic 
capacity and metal casing became very large, there was a problem that the electrostatic capacity of about several 
[ at most ] F was obtained as an electric double layer capacitor of practical magnitude. 

[0005] In order to solve such a problem, as above-mentioned, activated carbon powder and fiber are mixed with 
resin, it heat-treats, after carrying out pressing to a predetermined configuration, and a resinous principle is 
carbonized, and the improvement of considering as a polarizable electrode is tried. 
[0006] 

[Problem(s) to be Solved by the Invention] However, although the means that powder, and the fiber and resin of 
activated carbon are mixed cultivated the perspectives to utilization of a polarizable electrode in order to 
increase contact of activated carbon, about shaping of mixture and the process of subsequent heat treatment, the 
point which should still be improved was left behind in spite of a subsequent examination. 
[0007] That is, in the case of pressing, buildup of conductivity did not necessarily become with a suitable thing 
depending on welding pressure, and points, such as the configuration, magnitude, and productivity, had 
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constraint naturally. Although adoption of an extrusion-molding method was taken into consideration as a on 
the other hand more simple fabricating method, when it was extrusion molding, since a fluidity was increased, 
the addition of moisture increased and there was a fault of firmness being bad and being [ the drying time was 
long and ] easy to generate this thing, the curvature after heat treatment at the time of shaping, and distortion. 
[0008] then , this invention cancel the fault of the conventional technique , be a simple means , be excellent in 
productivity , and taking advantage of the description of the extrusion molding method amplification of a 
configuration be easy , moreover , there be few moisture additions at the time of extrusion , and its drying time 
be also short , and it aim at offer the improve manufacture approach of a polarizable electrode which the 
curvature after the time of shaping or desiccation and distortion cannot generate easily . 
[0009] 

[Means for Solving the Problem] This invention is the manufacture approach of the polarizable electrode which 
includes the mixed process which mixes activated-carbon powder and thermosetting resin, the granulation 
process which corns in predetermined magnitude, the forming cycle which acquires the Plastic solid of a 
predetermined configuration from granulation powder, and the heat treatment process which heat-treats a Plastic 
solid in a non-oxidizing atmosphere, and obtains an activated-carbon electrode as what solves the above- 
mentioned technical problem, and offers the manufacture approach of the polarizable electrode characterized by 
to be performed a forming cycle by extrusion molding. 

[0010] And the electric double layer capacitor characterized by this invention using the activated carbon 
polarizable electrode manufactured by the approach a mixed process includes the kneading process which adds 
a solvent to activated carbon powder and thermosetting resin, and a subsequent desiccation process, and the 
above-mentioned approach in the above-mentioned approach is also offered again. 
[0011] 

[Embodiment of the Invention] This invention is characterized by to perform extrusion molding and using for 
this extrusion molding the granulation powder led not only from a mixed process but from a granulation process 
as above-mentioned. If the gestalt of that operation is explained in more detail about the manufacture approach 
of this invention, about the activated carbon powder used as a raw material, things, such as a coconut shell 
system and a pitch system, will be used first. And as for the activated carbon powder of this explanation, it is 
desirable that that specific surface area considers as the thing of the range of 500-3000m2 / g and the thing of 
further 1000-2500m2 / g. 

[0012] And 50 micrometers or less of the mean particle diameter are more preferably set to 1-30 micrometers. 
As thermosetting resin, various kinds of thermosetting resin of water-insoluble nature is used, for example, 
phenol system resin, ether system resin, unsaturated polyester system resin, urea system resin, etc. are shown as 
those examples. Phenol system resin, especially resol system resin are illustrated as a desirable thing especially. 
[0013] these thermosetting resin — activated carbon powder — receiving — a weight ratio — 30-90 (activated 
carbon) / 10 (thermosetting resin) — it blends by 40 / 60 - 80/20 comparatively more preferably. [ 70-10 ] And 
as for thermosetting resin, it is desirable to add so that the actual carbon ratio after heat-treating in a heat 
treatment process may become 5 % of the weight or more and 15 more% or more. It is also effective in mixing 
with activated carbon powder and thermosetting resin to add a solvent. In this case, a solvent will be added and 
kneaded, desiccation processing will be carried out after that, and a solvent will be removed. 
[0014] As a solvent, at least one sort of water or an organic solvent is used. As an organic solvent, one sort or 
two sorts of things of hydrocarbons, such as ester, such as ether, such as alcohols, such as ketones, such as an 
acetone, a methyl ethyl ketone, and a cyclohexanone, ethanol, and propanol, wood ether, and a tetrahydrofuran, 
and ethyl acetate, benzene, a hexane, and a cyclohexane, are used, for example. 

[0015] Activated carbon powder is mixed with a solvent by the thermosetting resin list, and drawing 1 is 
kneaded, although the production process of the polarizable electrode in this invention that uses this solvent is 
illustrated. Let the addition of the solvent at this time more preferably be the rate of 20 - 50 weight section 
below the 100 weight sections to the total quantity 100 weight section of activated carbon powder and 
thermosetting resin. After termination of this kneading, desiccation processing is carried out and a solvent is 
removed. Hardening of thermosetting resin will progress in this desiccation. It is important for this desiccation 
processing to usually perform 50-200 degrees C more preferably at the temperature to which thermosetting 
resin does not harden or deteriorate below 100 degrees C, and a vacuum drying is also possible for it in this 
case. After desiccation processing is ground and is corned to the powder of predetermined magnitude. By 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



6/3/2005 



JP.09-293648.A [DETAILED DESCRIPTION] 



Page 3 of 5 



grinding by a ball mill etc., the magnitude corns granulation powder at a granulation process in mean particle 
diameter of 420 micrometers or less (about 40-mesh undershirt). The mean particle diameter is more preferably 
set to 50-150 micrometers. 

[0016] In order to perform extrusion molding, it is effective in granulation powder to carry out addition mixing 
of the binder. As this binder, methyl cellulose, polyolefines, polyvinyl alcohol, acrylics, and polyethylene are 
illustrated, for example, these binders are added in order to make thickness of the green sheet at the time of 
extrusion into homogeneity and to secure firmness — having — the granulation powder 100 weight section « 
receiving — 10 - 100 weight section extent ~ addition of 25 - 67 weight section extent is more preferably taken 
into consideration. 

[0017] Extrusion molding of the obtained granulation powder mixture for extrusion is carried out as a forming 
cycle. In this case, it is mixed with water and extrusion molding of the granulation powder mixture for extrusion 
is carried out. And compared with the case where the mixed powder only by the conventional mixed process is 
used, by using granulation powder, the addition of fewer moisture is sufficient, for this reason, the drying time 
can be shortened, the curvature after the time of shaping or heat treatment, and distortion and generating of a 
crack can be lessened, and the outstanding operation [ say / that sufficient reinforcement is securable ] is 
acquired in this invention. 

[0018] To the total quantity 100 weight section of granulation powder and a binder, the water addition for 
extrusion molding can be made into about 30 - 100% of the weight of a rate, in this invention, when it is the 
conventional mixed powder, addition of the water of the rate more than the 100 weight sections is required for 
it, and it becomes it [ this ], and is good for it at a small water addition. Suppose that extrusion molding is 
preferably carried out in this invention to the bottom of the inert gas (nitrogen) ambient atmosphere of a 
vacuum, Ar (argon), N2, etc., etc. A knockout rate, an extrusion configuration, etc. can be decided in 
consideration of the presentation of granulation powder, the application of mold goods, the following heat 
treatment conditions, etc. 

[0019] After termination of extrusion molding is heat-treated under non-oxidizing atmosphere conditions, such 
as an inert gas (nitrogen) ambient atmosphere of a vacuum, Ar (argon), N2, etc., etc., carbonizes thermosetting 
resin, and obtains a predetermined activated carbon polarizable electrode. In advance of heat treatment, the 
process of desiccation (vacuum) processing or debinder processing may be established. For example, in the 
temperature of about 850-1050 degrees C, it can heat-treat in this case after desiccation (vacuum) processing of 
about 0.5 - 3 hours around 100 degrees C, or debinder processing of about 0.5 - 3 hours in 400-degree-C order. 
[0020] Heat treatment carrying out temperature up to predetermined temperature for example, by 1-10 degrees 
C / min, and carrying out extent maintenance subsequently for less than 10 hours is taken into consideration. In 
addition, between the sintering processes by the desiccation process, debinder processing, or heat treatment, in 
order to arrange the punching process and cutting process for cutting and dividing into predetermined flat- 
surface magnitude or to obtain a predetermined dimension after a sintering process, it may be processed or 
ground. 

[0021] The polarizable electrode of this invention manufactured by the approach as above is useful to a cell 
electrode or an electric double layer capacitor, and turns into a mass polarizable electrode. The application to an 
electric double layer capacitor can be explained as a configuration illustrated, for example to drawing 2 . That 
is, as illustrated to drawing 2 , an electric double layer capacitor carries out opposite arrangement of the 
activated carbon polarizable electrode (1) of two sheets manufactured by the above-mentioned approach 
through separators (2), such as a glass fiber nonwoven fabric, and prepares a charge collector (3), a terminal 
assembly (4), and stationary plates, such as conductive rubber, in each outside of the electrode (1). A gasket (5) 
and base materials (6), such as thermoplastics, are formed in both ends, and assembly immobilization is carried 
out with the bolt and the nut (7). 

[0022] The activated carbon polarizable electrode by extrusion molding of this invention is large capacity as 

such structure, and the discharge property of a high current will be realized. Hereafter, the example of this 

invention is shown and it explains still more concretely. 

[0023] 

[Example] 

As one to example 5 table 1, at the weight ratio 40 / a rate of 60 - 90/10, the acetone of 30 weight sections was 
mixed with resol system phenol resin by the weight ratio to this both component 100 weight section, and 
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coconut shell system activated carbon with a mean particle diameter of 20 micrometers which has various kinds 
of specific surface area was kneaded. 

[0024] In the temperature of about 60 degrees C, desiccation processing of this kneading object was carried out 
among the vacuum, and the acetone was removed and stiffened. Grinding processing was carried out with the 
ball mill, and this hardened material was used as granulation powder with a mean particle diameter of 100 
micrometers. Subsequently, to the obtained granulation powder, the methyl cellulose binder was mixed at a rate 
of 43 weight sections to the 100 weight section, and it kneaded after extruding further and carrying out addition 
mixing of the water of 26 - 59 weight section to the total amount 100 weight section as business until it changed 
into the clay condition using the kneading machine. 

[0025] Extrusion molding was continuously carried out by the width-of-face [ of 100mm ] x thickness of 1mm 
with vacuum extruder using the granulation powder kneading object for extrusion obtained by carrying out as 
above. It dried in about 105 degrees C for 2 hours, the punching machine divided this thing into 50mmx70mm 
magnitude, and this thing was heat-treated in about 900 degrees C for 2 hours. 

[0026] About the obtained activated carbon polarizable electrode, the capacity and the ESR property of an 
electric double layer capacitor were evaluated. First namely, electrostatic capacity (in a table 1, it is displayed as 
"capacity") The electric double layer capacitor of the structure of said drawing 2 is produced using the obtained 
activated carbon polarizable electrode. For example, constant-current discharge was carried out by 1 A until it 
was set to 0.45V after 30-minute constant-potential charge by 0.9V, and it computed from the following 
formula (however, time amount which C (F) took electrostatic capacity to and i (A) and a voltage drop took the 
discharge current is set to deltat (sec), and a voltage drop is set to deltaV (V)). Moreover, ESR measured the 
impedance in 1kHz. 

C = (ixdeltat) /deltaV — the result was shown in a table 1 at extrusion-molding nature and a list with the 

assessment result of the rate of a defective after heat treatment sintering (what is accepted at least one of a size 

blank, curvature, a crack, distortion, and the lack of on the strength was used as the defective). 

[0027] In the case of the above-mentioned example, good extrusion-molding nature was realized with the small 

water addition, the rate of a defective after sintering was low, and, moreover, it was checked that the capacitor 

property as an electrode is also good so that clearly also from comparison with the following example of a 

comparison. 

When the rate of the thermosetting resin to activated carbon powder was extremely lessened like the example 1 
of a comparison - the 4 above-mentioned examples, using granulation powder (example 1 of a comparison), 
extrusion molding was tried like [ case / (examples 2-4 of a comparison) / where the mixed powder of activated 
carbon powder and thermosetting resin is used ] the example, without considering as granulation powder. 
[0028] Since the survival rate was too as low as 3% as shown in a table 1 when the rate of thermosetting resin is 
lessened extremely, using the granulation powder of the example 1 of a comparison, the electrode reinforcement 
after sintering ran short and it was in the condition of BOROBORO. When the mixed powder of the example 2 
of a comparison is used, since the 89 sections also have few water additions, extrusion-molding nature is bad 
and the curvature after sintering, a crack, and distortion are large. The optimal range of a water addition is 
narrow, and although the water addition of the example 3 of a comparison is possible for extrusion molding in 
the 133 sections, rather than the example, there are many water additions, for this reason, its variation in the 
moisture in a Plastic solid is large, the curvature after this sintering and distortion are produced and the percent 
defective is large. 

[0029] Furthermore, since there were too many water additions when a water addition uses the mixed powder of 
the 203 sections, it was checked that extrusion-molding nature is bad and the curvature after sintering, a crack, 
and distortion are large. 
[0030] 
[A table 1] 
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[0031] 

[Effect of the Invention] Extrusion molding in a smaller water addition is made possible by this invention, and 
manufacture of a mass polarizable electrode which suppressed the time of shaping, the curvature after heat 
treatment, and generating of distortion by the short drying time is enabled as explained in detail above. 
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[Drawing 2] 
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[Drawing 11 
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